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Abstract 
 
Using in-situ observations, atmospheric and satellite data sets, together with 
numerical modeling, we investigate the characteristics and mechanisms of two 
upwellings, i.e., in the eastern shelf off Hainan Island and in the western Beaufort Sea 
of the Arctic, respectively. 
The upwelling in the eastern shelf off Hainan Island has two centers: one is off the 
eastern coast of Hainan Island (HEU) and the other is off the northeastern coast of 
Hainan Island (HNEU). Both case and composite analyses identify that the HEU is 
mainly driven by southwesterly wind but is not remarkably affected by freshwater and 
turbulent mixing. In contrast, associated with the prevailing southerly wind, the HNEU 
can be further intensified by mixing and limited in the lower layer when it is covered 
by fresh water. To identify dynamics of the upwelling, we conducted a numerical 
experiment using an idealized topography. The result again shows the HEU is wind-
driven, and indicates that the HNEU, located downstream of the change in topography, 
is associated with onshore cross-isobath transport. The upwelling-linked onshore 
transport is primarily intensified by the along-isobath barotropic pressure gradient force, 
but is weakened by the along-isobath baroclinic pressure gradient force. In addition, the 
cross-isobath forces play an important role in the upwelling intensification in the 
shallow nearshore region. 
In the western Beaufort Sea, the wind pattern in recent four years is different than 
the long-term climatological conditions in that the springtime peak in alongcoast 
easterly wind speed shifts from May to June, and the autumn peak is limited to October 
instead of extending farther into the fall. The wind-driven volume transport of the 
Beaufort shelfbreak jet is correlated to the alongcoast windspeed, although a more 
accurate estimation is obtained when considering the ice thickness at the mooring site. 
In this background condition, the canonical upwelling event, composited from 131 
upwelling individual events, reveals that when the wind is strongest the entire 
shelfbreak jet is reversed to the west. During roughly two thirds of the events Atlantic 
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water (AW) is upwelled to the shelfbreak, while for the remaining events only Pacific 
water (PW) is upwelled. The primary driving factor behind this is the seasonal variation 
in the PW-AW interface depth offshore of the shelfbreak, which is controlled by the 
local wind stress curl. These variations are due to the influence of the two regional 
atmospheric centers of action — the Aleutian Low and Beaufort High. 
These two upwelling systems are both related to the alongcoast wind. Under the 
different background conditions, the differences of the two upwellings are highlighted 
on the spatial and temporal range and variation, the effect factors, and the responses of 
ecosystem and climate. 
 
Key Words: Upwelling; Hainan Island; Beaufort Sea; Cross-isobath transport; 
Water mass 
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ÇʊȢ̃ūʏɶʑÇ­ū˝Ğöό¼˥ ɱ9ɶƆ）ʊ˝ʊϛ.10-
1 m s-1 Ϭ̭0Çʊ˝ĞöʊϛКƃŠ0Ϛƃ( 10-5 m s-1 Ϭ̭ɶƆ, aHȢʏʇ
%ϫ΀˝ʽˋϋ̉Çʊ-ǒN;Ɗʂ˯̌ώĐ(ȱ˒ƻ》,.ɱļ
Figueiras et al., 1994 
ÇʊėóʏÅȱó˝б¼Đ̦0%ɿű˝Ъ˒Çʊ;ȤϜ˯̌
ė；ͨē0ͭô˝ɿűÇʊ.ɱļ»«˾Ũ=ɿű̅万ɿűϦȢ;Γ
őȢɿűЪб¼˝ϚƃëN˓ Ekman ˋΑ.Ekman, 1905Ɂ·ϩϏˆΩ
|ΒʏʇȢŐƃ̳ǀȔЉŘƊȔɶƆ̠ǀ˝0ϡ+¼ϬȐ̉ëN̙Ã( −"# = %& '()'*( 																																																								.1.1 ") = %& '(#'*( 																																																								.1.2 
Ð̄Ɩ¸.f Ȣ̄ƖÚȈąĞö̠ǀ.%&ȢĞöʓ̠ǀ̥Ȉ˝Ɔͺͥ|
ΒʏʇȢȔЉʖ˝ʏͼėЪ˝g˓0· ˝ Ekman ʊϛëNƯ­Iʏͼ­
Ekman ʖƏ./0 = 2%1/"2Lentz and Fewings, 2012˝àɳȓ Ekman ͷȓ.Ė
1-10ėϏȉ$ɶū˝ɶdυόȐöȢĞˤЪööî.ÄÈˊ2ËÈˊ§˥à
ėІɉʏÅ0ǭ̿˝ɿűЪg˓0Ɩėψ；ūϐ͹Ğö̆¢ëNƯ­ɶd
υό(34 = −56 (80")ơɶʖ h>2/0Ț0ψ；ūʖƏ./4̖9 Ekman ʖƏ
.Lentz and Fewings, 2012͒ɶʖ h<2/0Ț0ψ；ūʖƏëN]̚(ʏͼ­
̕$ϛƏƔƃz.ÙĞöƆĚz( 0 ˝ʖƏ.Lentz and Chapman, 2004
űb9ЪöŹo˝Ǉ0ū˿ű˝ɶdυό˔ū.Ϛƃ(Ǝψ；ū02ë
͙ȢJɶūͻ0I͒jƯʏɶʑÇ0ƣǏÇʊėŐƃ˝Ъб¼0
ū˿űυόYãɶdĞöřƏ̹Ʌ˝Ƨć0ƟūÃɶdYšɶdυόϬ
.Tilburg, 2003ó˝Ȣ0Fewings et al. 2008ė$ 12 m ʖ˝ʏĠ΃ʌ­
˥à˝Ǉ1ςƟɶdūÃśƍ9ςŠ˝ūɶdυόLentz and Fewings.2012
ǹʌėІɉʏÅ.h</00~20 m0ɶdřƏ̹ɅǇäƯƬīȼ0FȢɿű
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Ъƍ¸νІɉȐöЪƍ¸.Tilburg, 2003ˑ͛ʃ˝ȎǗȎʨ̈g˓.Lentz 
et al., 2008ϦYśÇʊȱ˝νІɉ）ʊA˒Ƨć 
Ekman ˋΑFЉ9ɿűÇʊ02ϗ˓9αϝÇʊ.αϝ(ʾɫψ；0
f = 00NÝЪƍ¸ȓƏǒƘε˝Çʊ˥`˝0ɳȓƖЪƍ¸.ɧЪƍ¸ȓ
ƏëNб¼ūɶdτȆ.ÄÈˊ0jƯūɶͻÇ0ƣǏÇʊ0Ð
Ekman ʅûg˓(5Ư­ Ekman ʅûƘε˝Ğöʊϛ0ǐPЕ΀͐Ͳėū
̆¢˝ϓ̿ǀȐ̉1 ';'*<=> ?* = − (')'@<=> + '#'B)?*																																				.1.3 
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